Background: A split-dose (SD) regimen is crucial for colonoscopy quality. Compliance with SD for early morning colonoscopy is generally poor. The present study evaluated whether pre-colonoscopy counselling, in addition to a dedicated leaflet, might increase SD uptake. Methods: Consecutive 50-69-year-old patients undergoing screening colonoscopy before 10 a.m. were randomized to either receive written information only on bowel preparation (Written Group, WG) or written and oral instructions (Written and Oral Group, WaOG). The leaflet strongly encouraged SD adoption. The primary endpoint was the number of patients adopting SD in each group. The secondary endpoints were predictors of SD uptake, compliance with preparation schemes and cleansing adequacy. Results: A total of 286 patients (143 WG, 143 WaOG) were enrolled (mean age 59.6 AE 6.1 years, men 49.3%). SD was adopted by 114 and 125 patients in the WG and WaOG, respectively (79.7% versus 87.4%, p ¼ 0.079). No significant differences were observed for the proportion of patients with full compliance with preparation scheme (97.9% versus 97.2%, p ¼ 0.99) and of procedures with adequate bowel cleansing (95.6% versus 95.1%, p ¼ 0.77). At multivariate analysis, a > 1 h travel time to the endoscopy service was inversely correlated with SD uptake (odds ratio (OR) 0.30, 95% confidence interval (CI) 0.09-0.98). Conclusions: Our leaflet guaranteed satisfactory uptake of SD and excellent adherence to the preparation scheme for early morning colonoscopy. Its use might marginalize the need for additional oral instructions, particularly in open-access settings.
Introduction
Colorectal cancer (CRC) is a major cause of morbidity and the second cause of cancer-related mortality in both Europe and the United States.
1,2 Colonoscopy represents the most accurate test for the detection of colorectal neoplasia, but its accuracy is suboptimal. Missed lesions represent the dominant cause of postcolonoscopy CRCs, 3 and a suboptimal adenoma detection rate (ADR) has been associated with a reduced efficacy of colonoscopy in preventing CRC incidence and mortality. 4 Optimizing bowel preparation is critical to increase the effectiveness of colonoscopy. The adoption of a split-dose (SD) bowel cleansing regimen (the administration of the first half of the preparation the evening before colonoscopy and the second half in the morning of the procedure) has shown superior efficacy in bowel cleansing over traditional regimen of administering the whole preparation the day before (DB) the procedure, 5 and it has been associated with a 30% higher detection rate of neoplasia in the setting of screening programmes. 6 Its adoption is strongly recommended by practice guidelines for elective colonoscopies. [7] [8] [9] Patient education is crucial for optimizing preparation results, and guidelines recommend that health care professionals should provide both oral and written instructions to patients for colonoscopy preparation. [7] [8] [9] In large open-access systems, endoscopic procedures are prescribed by referring physicians without any previous clinic consultation and are scheduled by secretary staff. 10 Therefore, the routine adoption of oral instructions in addition to written ones is unfeasible. It has been shown that the uptake of SD for early morning (before 10.00 a.m.) colonoscopies is unacceptably low (33%). 11 The fear of incontinence on the way to the endoscopy service and the refusal to wake up in the very early morning to complete the bowel preparation represent the main barriers against SD. 11 The risk of travel interruptions and/or faecal incontinence is very low, and only marginally increased with SD.
11 Surveys have demonstrated that most patients tend to be receptive to SD regardless of appointment time, once they are given explanations of the importance of sticking to the instructions. 12 Thus, patient education seems to be crucial to overcome barriers against SD and to improve patient compliance.
The present investigator-blinded prospective randomized controlled study was aimed at assessing whether pre-colonoscopy counselling -in addition to a dedicated and self-explanatory ad hoc designed leafletmight increase SD uptake by patients scheduled for colonoscopy before 10 a.m.
Materials and methods
This investigator-blinded, randomized controlled study was conducted in one open-access endoscopy centre in Italy. The protocol was approved by the Ethical Review Board on 22 April 2015 and it was registered in the ClinicalTrials.gov registry [ClinicalTrials.gov identifier: NCT02638558]. Written and informed consent was obtained from all patients enrolled. The study protocol conforms to the ethical guidelines of the Declaration of Helsinki.
This was a no-profit study and the investigators had no relationship with the manufacturers of the bowel cleansing agent used; no funding for the study was solicited or accepted. All the authors provided critical revision and final approval of the article.
Study population
The target population included 50-69-year-old patients undergoing outpatient colonoscopy from January to June 2016 following a positive faecal immunochemical test (FIT) in the context of a CRC screening programme. We excluded from the study: (i) patients not eligible for invitation in the screening programme (colonoscopy already performed in the previous 5 years, personal history of CRC, colonic adenomas, inflammatory bowel disease, severe comorbidity); (ii) inpatients; (iii) patients with previous colonic resection; (iv) patients on antithrombotic therapy, precluding polyp resection; (v) patients who were not able or refused to give informed written consent.
All enrolled patients were scheduled for colonoscopy before 10.00 a.m.
Pre-colonoscopy bowel preparation instructions
We designed a dedicated educational leaflet on bowel preparation (see supplementary material), in which instructions were detailed in a simplified script with pictures and subtitles. The leaflet emphasized the importance of an adequate bowel preparation and of adhering to SD regimen to optimize colon cleansing, reporting that SD: (i) improves patient tolerability, (ii) minimizes the risk of missing neoplastic lesions and of repeating the procedure at shorter intervals, and (iii) favours a good prevention of cancer. It was also reported that the risk of bowel movements or incontinence during travel was minimal (<5%) despite the intake of the second part of cleansing solution on the same day of the procedure, and that this risk was not significantly higher compared with DB preparations. 11 The leaflet also detailed the timing of bowel cleansing solution intake and dietary restrictions. Bowel preparations administered were: low volume (2 l) hypertonic polyethylene glycol (PEG) plus ascorbate solution (PEG-A, MOVIPREP Õ , Norgine, Harefield, UK) or 2 l PEG with citrate and simethicone plus bisacodyl (PEG-CS, LOVOL-Dyl LOVOL-Esse, Alfa Wassermann S.p.A., Alanno PE, Italy). The adoption of the SD regimen (1 l of PEG solution in the evening before colonoscopy at about 08:00 p.m. and the second one on the day of the procedure about 4 h before the scheduled procedure time) was strongly advised. The DB regimen (intake of the entire solution the evening before colonoscopy, the first litre between 06:00 and 07:00 p.m. and the second one between 09:00 and 10:00 p.m.) was also reported, albeit discouraged due to the higher risk of inadequate colon cleansing.
Participants were instructed to adhere to a lowresidue diet for 3 days before the colonoscopy.
They were allowed to have a standard breakfast and a light lunch on the day before the procedure, but no solid food was permitted after that. Clear liquids were permitted until 2 hours before the procedure.
Intervention
At the time of colonoscopy scheduling, patients who provided consent and met all eligibility criteria were randomized 1:1 by a computer-generated sequence either to receive only written instructions on bowel preparation, in accordance with our standard routine (Written Group, WG), or both written and oral instructions (Written and Oral Group, WaOG). WG subjects simply received the pre-colonoscopy educational leaflet, delivered by the secretary staff with the appointment instructions. WaOG patients received the educational leaflet and had a brief counselling session with a medical staff member to discuss the importance and rationale of bowel preparation -reinforcing the benefits of SD -and to fix the optimal times for the laxative intake. Allocation was performed via sealed and numbered envelopes by the secretary staff.
Data collection and colonoscopy procedure
Before colonoscopy, all patients received a multiplechoice questionnaire. The form included questions evaluating the characteristics of patients (seven items: age, sex, education, working and civil status, previous colonoscopy, travel time to get to the endoscopy centre), and the bowel preparation process (eight items: type of cleansing agent, timing of bowel preparation intake, main reason for the choice of SD versus DB regimen, compliance with preparation instructions, adverse events, sleep disturbances, need to stop and/or faecal incontinence while travelling to the endoscopy centre). Patient compliance was rated as optimal (intake of the whole preparation), fair (intake !75% of the preparation), and poor (intake <75% of the preparation). Colonoscopies were performed between 8:00 and 10:00 a.m. by five board-certified endoscopists with credentials for participating in the CRC screening programme who were blinded to which group patients were assigned.
At the end of the procedure, the endoscopist filled in a procedure assessment form reporting procedural data and the quality of bowel preparation, according to the Boston Bowel Preparation Scale (BBPS). BBPS is a 4-point scoring system applied to each of three segments of the colon: right side, transverse, and left side colon. Points (segment score) were assigned as follows: unprepared colon segment, 0; major residual stool or opaque liquid, 1; minor residual staining, 2; and entire mucosa easily visible, 3. The maximum BBPS score for a perfectly clean colon is 9, and the minimum BBPS score for an unprepared colon is 0. The scores of each segment were assigned by the colonoscopist after removing excess colonic content by suction and washing the mucosa. 13 Adequate colon cleansing was defined as a BBPS ! 2 in each colon segment.
Outcome measures
The primary aim of the study was to assess the proportion of patients choosing SD for bowel preparation in each group. Secondary endpoints were to evaluate (i) the predictors of SD uptake, (ii) patient compliance to bowel preparation schemes, (iii) the quality of bowel preparation, and (iv) adverse events associated with the SD and DB regimens.
Statistical analysis
The expected uptake of SD in patients undergoing early morning colonoscopy was 33%, based on previous data. 11 We considered an absolute 50% relative increase in SD uptake, resulting in an expected overall uptake of 50% as clinically relevant. With a two-sided significance level of 0.05 and a power of 0.80, 286 patients (143 per group) had to be included. Considering an expected 5% drop-out rate, we planned to enrol 300 patients; study enrolment was stopped after achieving the target sample in each arm. Patients who were randomized but did not attend their colonoscopy appointment were not included in the primary analysis.
Categorical variables were summarized using frequencies and percentages, while quantitative variables were summarized using means and standard deviations. A Chi-square test and Chi-square test for trends were used to compare categorical variables, as appropriate, whereas a Student's t-test was used for continuous variables. All statistical tests were two-sided and were considered statistically significant at p < 0.05. A logistic stepwise regression model was used to assess the independent predictors of SD acceptance; all parameters with a p-value <0.2 on univariate analysis were included and those with a p-value >0.4 were removed, according to an automated stepwise procedure. For all comparisons, the odds ratio (OR) and 95% confidence interval (CI) were given for significant variables.
Analyses were carried out with the SAS statistical software package V.9.1 (SAS Institute, Cary, NC, USA). The results were reported according to CONsolidated Standards Of Reporting Trials (CONSORT) guidelines. 14 
Results
In the study period, a total of 363 FIT-positive patients were evaluated; 302 were considered eligible and were allocated 1:1 to WG or WaOG; 16 patients dropped out after randomization (4 did not show up at colonoscopy appointment, 7 cancelled and 5 rescheduled the appointment). A total of 286 patients (mean age 59. 6 AE 6.1 years, men 49.3%), were finally included in the analysis (Figure 1) .
The two groups, each including 143 patients, were well balanced in terms of demographics, education, employment and marriage status. The number of patients who underwent colonoscopy for the first time, the timing of colonoscopy appointment and the travel distance to the hospital were also comparable between the two groups ( Table 1) .
In the study cohort, 114 patients in WG and 125 WaOG chose SD over DB regimen (79.7% versus 87.4%, p ¼ 0.079). When comparing patients who chose SD versus DB regimen, no variable was significantly associated with SD uptake at univariate analysis (Table 2) . Logistic regression analysis showed that travel time >1 h was the only variable (inversely) correlated with SD uptake (OR 0.30, 95% CI 0.09-0.98).
Full compliance (100% intake of the solution) was reported by 140 (97.9%) and 139 (97.2%) patients in WG and WaOG, respectively (p ¼ 0.99).
No statistically significant difference was found between WG and WaOG as procedural data were concerned, including mean BBPS scores (7.8 AE 
Procedural data and adverse events in split versus day-before regimen
When considering the quality of cleansing in patients who chose SD (n ¼ 239) and in those who chose DB dose (n ¼ 47), mean scores were significantly higher in the SD group (8.1 AE 1.2 versus 7.4 AE 1.3, p < 0.001), although the percentage of procedures with adequate bowel cleansing was similar (95.8% versus 95.7%, p ¼ 0.70). At least one stop during travel occurred in 18 patients who chose SD and in 4 patients who chose the DB regimen (7.5% versus 8.7%, p ¼ 0.94); 6 patients in the SD group and none in DB group experienced faecal incontinence (2.5% versus 0%, p ¼ 0.59).
Discussion
This randomized controlled trial showed that, in a screening setting, the adoption of a simple selfexplanatory leaflet -clearly emphasizing the benefits of SD -guaranteed high patient compliance with the SD regimen, even for early morning colonoscopies, marginalizing the need for additional oral educational instructions.
The results of our study are relevant for several reasons. First, they showed that the simple adoption of a dedicated educational leaflet instead of standard forms on bowel preparation might lead to an acceptable uptake rate of SD (about 80%). When considering the low compliance with SD for early morning colonoscopies 11 and the association between SD and ADR, 4, 6 this intervention seems to be critical to optimize the effectiveness of colonoscopy on CRC prevention. Second, the delivery of verbal instructions in addition to written ones did not offer significant advantages over written instructions only, in terms of SD uptake, patient adherence to the bowel preparation scheme, and quality of bowel cleansing. The leaflet used in this study was so effective in making patients aware of the benefits of SD and in empowering them to manage their own preparation, that a brief counselling session was of and telephone calls. 19, 20 However, these studies provided inconsistent results.
Practice guidelines strongly recommend that oral and written information about bowel preparation should be delivered together by healthcare professionals to increase patients' compliance and improve preparation results. [7] [8] [9] However, these guidelines are based on lowto-moderate quality evidence, mainly from a single observational study, which demonstrated that the use of both verbal and written instructions, compared with written instructions only, is an independent predictor of adequate bowel preparation quality. 21 Data from interventional studies on the additional role of oral instructions are scant. One recent non-randomized study, including 105 outpatients undergoing screening colonoscopy, demonstrated that physician-delivered education consisting of a 10-minute counselling session, in addition to written instructions, significantly improved the quality of bowel preparation. 22 To the best of our knowledge, the present study is the first randomized trial specifically evaluating the impact of oral instructions on bowel preparation outcomes, showing that physician-delivered oral instructions failed to improve the quality of bowel cleansing when a dedicated leaflet encouraging the adoption of SD was used. We acknowledge that this apparent failure is mainly related to the unexpected very high adherence to SD in the control arm, rather than the lack of efficacy of the proposed intervention. This high adherence to SD partly reflects the effectiveness of the new educational leaflet adopted in the study, but it might also be overestimated due to the study setting. FIT-positive screening patients are a selected colonoscopy population, in which the adherence to any recommendation aimed at improving the quality of colonoscopy is likely higher, due to the fear of cancer.
Third, at multivariate analysis we found that only patients who had to travel >1 hour to get to the endoscopy service remained reluctant to comply with the SD regimen, probably due to the fear of travel interruption and faecal incontinence and the need to wake up during the night to complete bowel preparation. For this subset of patients, the shifting of colonoscopy appointment in the second part of the morning (or in the afternoon) appears a viable alternative, and is easier to implement than any other intervention aimed at convincing them to comply with SD.
The strength of the study is the choice of an objective primary endpoint (SD uptake) -instead of the quality of bowel cleansing -to marginalize any subjectivity in outcome assessment.
The high patient compliance with SD and bowel preparation instructions in both study groups accounted for the very high percentage of procedures with adequate bowel cleansing observed in this study, which is consistent with the highest levels of bowel cleansing reported in the FIT-based CRC screening setting. 23, 24 When comparing SD and DB regimens, higher colon cleansing scores were observed in patients adopting SD; however, no difference between the two regimens was found as to the proportion of procedures with adequate colon cleansing. As only 16% of study population adopted the DB regimen, the study was largely underpowered for the purpose to detect any difference in preparation quality between the two groups. Although a lower benefit of SD over the DB regimen might be assumed for early morning procedures, due to the relatively shorter runway time, this should not discourage the adoption of SD for early morning procedures, as it is well known that the highest levels of preparation quality are associated with the highest adenoma detections. 25 We did not observe significant difference between the SD and DB regimens in terms of adverse events, including the need to stop on the way to the hospital because of bowel movements and/or faecal incontinence. These findings confirmed that SD is overall well tolerated by patients even for early morning procedures.
We acknowledge some limitations to the present study. First, we demonstrated that a dedicated leaflet may overcome the need for oral instructions for bowel preparation in subjects participating to the CRC screening programme. The reproducibility of these results out of the screening setting, where patients could be less alerted on the importance of high quality colonoscopy, need to be tested in further studies. In settings where the adherence to SD is expected to be lower, an intensive intervention including oral information, as recommended by practice guidelines, may still be effective.
Second, the study was carried out in a single institution; a multicentre study is needed to verify if these results can be generalized. Third, the overall efficacy of a dedicated leaflet for bowel preparation should be also tested for late morning and afternoon colonoscopy patients; the uptake of SD is more critical for early morning procedures, but the benefits of the leaflet might be extended to all colonoscopy patients.
Conclusion
In conclusion, the present trial showed that in a screening setting the systematic adoption of a self-explanatory leaflet favouring SD bowel preparation guaranteed a high patient uptake and an excellent level of bowel cleansing, thus marginalizing the need for additional oral education for early morning colonoscopies. This could represent a cost effective and simple intervention to improve the quality of colonoscopy.
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